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Abstract 

It is shown that a consistent description of magnetic dipole properties in 
transitional nuclei can be obtained in the interacting boson model-2 by F- 
spin breaking mechanism, which is associated with differences between the 
proton and neutron deformations. In particular, the long standing anoma- 
lies observed in the (7-factors of the Os-Pt isotopes are resolved by a proper 

inclusion of F-spin breaking. 
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The description of magnetic dipole (Ml) properties in the interacting boson model (IBM) 
has had a checkered career (see for a recent review). In the original model (IBM-1 with 
s and d bosons), the one-body Ml operator, being proportional to the angular momentum, 
results in vanishing Ml transitions. Thus to explain observed Ml transitions one needs at 
least a two-body Ml operator whose microscopic origin is not very clear. The discovery 
of the "scissors" mode @] has shifted attention to the proton-neutron version of the model 
(IBM-2) which provides a more natural basis for description of Ml properties via the F- 
spin breaking mechanism. F-spin measures the degree of symmetry between the valence 
protons and neutrons and its breaking is linked to the difference between the proton and 
neutron deformations 0]. In this sense. Ml properties provide complimentary information 
to E2 observables which depend on the average deformation and are, therefore, insensitive 
to F-spin breaking. 

In IBM-2, the one-body Ml and magnetic moment operators are given by 

T(M1) = ys/i^/i, jl = g^L^ + g,K, (1) 

where Lp, p = vr, z/ are the angular momentum operators for proton and neutron bosons 
and Qp are the respective boson (yf-factors. In the limit of exact F-spin symmetry, the Ml 
operator in (1) leads to vanishing Ml transitions, and (^-factors in a given nucleus are 
constant, having the value 

g{L) = {g^N^ + g,N,)/N. (2) 

Here N^,, Ny denote the proton and neutron boson numbers, and = Nt, + Ny. As Ny 
are hole-like in the transitional isotopes of Os and Pt, Eq. (2) predicts an increase in g- 
factors with neutron number. Initial IBM-2 calculations employing Eq. (2) were thought 
to explain the (^-factor variations in rare-earth nuclei reasonably well with the bare boson 
(jf-factors, (^Tr = 1, fi'i/ = 0. However, subsequent accurate measurements of ^f-factors at the 
Australian National University and elsewhere uncovered rather large deviations, the most 
conspicuous being in transitional nuclei (see Refs. for reviews and further references). 
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For example, the measured g{2f) values for the Os isotopes increase as predicted by Eq. 
(2) but the 5^(22") values decrease, in total conflict with it As Eq. (2) predicts the same 
(7-factor for all states, this problem cannot be resolved by allowing arbitrary variations of Qp 
from their bare values. In the Pt isotopes, the measured (/-factors of the 2f, 2^ and states 
all have similar values and remain constant with changing neutron number. This behaviour 
can be explained by Eq. (2) at the expense, however, of using ~ (7^ ~ 0.3. Such large 
deviations of Qp from their bare values are not accommodated by microscopic theory, and 
alternative explanations are needed. In view of these shortcomings, attempts have been 
made to include F-spin mixing effects via numerical diagonalization of IBM-2 Hamiltonians 
PJTO[|. However, all of these calculations used the parameters of Bijker et al. [jll| which were 



obtained by fltting the energy levels and E2 transitions in Os and Pt isotopes. Naturally, 
these flts are insensitive to the F-spin mixing needed to describe Ml properties, and it is 
not surprising that the above attempts did not resolve the ^f-factor discrepancies. 

Recent analytic calculations using the intrinsic state formalism |jl2|] and the 1/ expan- 
sion method p3| , p^ have provided new insight toward the solution of this problem. The 
analytic expressions obtained for gf-factors of various bands include F-spin mixing effects 
explicitly and have been instrumental in mapping out the parameter dependence of Ml 
properties for various F-spin breaking terms in the Hamiltonian. These systematic studies 
have shown, in particular, that (7-factors of ground and excited bands respond very differ- 
ently to F-spin breaking in the quadrupole interaction, but show a similar behaviour toward 
a breaking in the one body energies, thus suggesting that a judicious use of F-spin breaking 
could lead to a consistent description of Ml properties. The analytic formalism, though 
useful in pointing toward the solution, is limited in accuracy when applied to Os-Pt nuclei 
because the number of bosons is small (A^ < 10) and they have soft energy surfaces. Thus, 
for accurate results, higher order terms (in 1/A^) and band mixing contributions must be 
included in the calculations. These are technically involved and have not been performed 
so far. Alternatively, one can resort to numerical diagonalization of the IBM-2 Hamiltonian 
with guidance from the analytic results. In this Letter we present the results of our numer- 



ical studies of Ml properties in ^^^Os and ^^^Pt using the computer code NPBOS 







The calculations employed the simplest IBM-2 Hamiltonian suggested by microscopies 

i 

H = e^fidT, + eyfidu + kQvt ■ Qu + iM, (3) 

where fidp are the (ip-boson number operators, M is the Majorana operator and Qp are the 
quadrupole operators given by 

Qp = [dlsp + sldp] + Xp [dldp] . (4) 

Although other terms are often included in detailed IBM-2 studies, Eq. (3) adequately 
covers the F-spin breaking needed to describe Ml properties. In discussing F-spin breaking 
effects, it is convenient to introduce F-spin scalar and vector parameters 

es = (ctt + ei.)/2, Cv = (e^ - e^)/2, 
Xs = (X^ + Xi.)/2, Xv = (X^ -Xi/)/2. (5) 

The E2 matrix elements were calculated using the the same quadrupole operator (4) as 
in the Hamiltonian, with effective charges e.,^ = = 0.15 eh. Bare values for the boson 
(7-factors {qt, = 1, = 0) were employed in the Ml operator (1) throughout. 

We first present a schematic study of F-spin breaking effects generated by the two vec- 
tor parameters and Xv Since the energies and F2 transitions show little sensitivity to 
variations in the vector parameters [0], only the Ml properties are shown in Fig. |l|. The 



effect of F-spin breaking on Ml transitions has been amply discussed in the literature p| 
but its effect on (^-factors has been largely ignored until recently [|1^,0,|I^ . It is clear from 
Fig. 1 that (/-factors are also very sensitive to changes in the vector parameters and, for 
consistency, it is important to describe both quantities simultaneously. Clues toward the 
resolution of the (/-factor anomalies in the Os-Pt isotopes can be surmised from this system- 
atic study. Specifically, the breaking leads to a monotonic decrease in all (/-factors as is 



required in the Pt isotopes to offset the increase in theoretical values predicted by Eq. (2). 
The Xv breaking, on the other hand, leads to a crossing of (7-factors of ground and 7 bands, 
which is precisely the behaviour exhibited by the experimental data in ^^^~^^^0s. 

The systematics of the Ml transitions have been included in Fig. 1 to emphasize a robust 
prediction of IBM-2, namely, that the sign of Xv determines both the sign of Ml matrix 
element and g{22 ) — g(2^). This prediction is consistent with the measured (^-factors and 
mixing ratio data [|l7l in ^^°0s and ^^^Os but is in conflict with the published data in the case 
of ^^'^Os. As a by-product of the measurement of (^-factors in the Os isotopes [§, the angular 
correlations for the mixed 2^ 2f transitions were also measured (but not published). In 
Fig. 1^, are shown the angular correlations for the 22 2f transitions obtained in that 
experiment and the resulting mixing ratios, 6{E2/M1). The new 6 values agree well with 
the values in the literature, except for ^^^Os where the present result {6 = +7.2 ± 1.1) has 
the opposite sign to that reported previously. The angular correlation data in Fig. 2 clearly 
support a change of sign in 6 in ^^^Os, consistent with the IBM-2 prediction for this nucleus. 

In the light of the systematics discussed above, we carried out a new global fit for 
i86-i92Qg g^^^ i9o-i98p|.^ rjj-^g parameters k, ^, eg and Xs were determined from a fit to the 
energy levels and E2 transitions. The first two were kept fixed in a given isotope chain 
while eg and Xs were slightly varied to simulate the onset of deformation with increasing 
Ni,. The vector parameters, and Xv, were then determined from the Ml properties. The 
parameter set thus obtained (Table D, gives a reasonable description of the energy spectra 
and electromagnetic properties. The resulting (yf-factors and Ml transition matrix elements 
are shown in Fig. ^. The trends in the data are correctly reproduced and the level of 
agreement, especially in the Pt isotopes, is good. We emphasize that the range of vector 
parameters used in the fits (Table I) are typical of those used in the study of Ml transitions 
in IBM-2 and that the amount of F-spin admixture in the low-lying levels varies between 
2-4%, consistent with the literature values 0. Further improvement can be achieved by 
fine tuning the parameters in individual nuclei and by allowing small variations in g^^ and 
g^, from their bare values. 
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It is of interest to note the implications of F-spin mixing for the proton and neutron 
deformation [Q. To investigate the impact of the rapid change in the vector parameters on 
the proton-neutron deformations, we performed a mean field analysis of the IBM-2 Hamil- 
tonian (3) |13[. The deformation parameters, [3t,, P^, which correspond to the mean field 
amplitudes for c?^, d^, bosons were calculated. Since deformation in the IBM refers to the 
valence nucleons only, we translate these to the more conventional geometric model (GM) 
deformation ratios using the simple scaling 

\'^'^ / GM ^"p -^"i^ / IBM 

where A''^ and Nn denote the number of protons and neutrons respectively. The results 
of the GM deformation ratios are shown in Fig. ^. As stressed in the introduction, the 
mean field results are not very reliable for transitional nuclei. Further, as Eq. @ is only 
a qualitative relationship between the IBM and GM, the rapid increase in the deformation 
ratio (Fig. 4) is likely to be exaggerated. Nevertheless, an increasing trend is consistent 
with the intuitive picture of neutrons filling the shell and hence becoming less deformed. 
Recently, the proton-neutron deformation ratio was measured in Ho from pion single- 
charge-exchange reactions []T^ . It would be interesting to carry out such experiments in the 
Os-Pt region and determine whether the changes in deformation ratio are consistent with 
those implied by the description of Ml properties in the IBM-2. 

In summary, we have shown that the anomalies displayed by the gf-factors of the Os-Pt 
isotopes can be resolved in the IBM-2 by using the F-spin breaking mechanism which is 
related to differences between the proton and neutron deformations. A satisfactory descrip- 
tion of the Ml properties has been obtained without resorting to anomalous boson ^f-factors, 
effective boson numbers, shape coexistence effects, or single particle behaviour. 

This work is supported in part by the Australian Research Council. S.K. acknowledges 
useful discussions with J.N. Ginocchio. 
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FIGURES 

FIG. 1. Study of F-spin breaking effects on Ml properties in ^^'^Os. The fixed parameters are 
es = 0.45 MeV, Xs = -0.25, k = -0.15 MeV, ^ = 0.17 MeV. 

FIG. 2. Measured and fitted (solid lines) angular correlations for the 22 —^ 2f transitions in 
188- 192 Qg rjij^g dashed line shows the angular correlation implied by the previously published 
mixing ratio for ^^'^Os |17]. 



FIG. 3. Experimental ^-factors and 71^1(22" 2^) transition rates compared with the present 
calculations. The data are from Refs. ||7[^,|l^|l8) . 

FIG. 4. Proton to neutron deformation ratios in Os (solid line) and Ft (dashed line) isotopes 
extracted from mean field calculations. 
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TABLES 

TABLE I. Scalar and vector composition of e and x parameters in the Os-Pt isotopes. Other 

parameters (in MeV): k = -0.15 (Os), -0.18 (Pt), and ^ = 0.17. 



Nucleus 






es 


ev 


Xs 


Xv 


1860s 


3 


8 


0.32 


-0.28 


-0.32 


0.40 


1880S 


3 


7 


0.35 


-0.22 


-0.28 


0.50 


190Os 


3 


6 


0.40 


-0.12 


-0.25 


-0.05 


1920s 


3 


5 


0.40 


0. 


-0.18 


-0.50 


190pt 


2 


7 


0.45 


-0.25 


0.18 


0.10 




2 


6 


0.50 


-0.17 


0.18 


0.10 


194p^ 


2 


5 


0.55 


-0.07 


0.18 


0.05 


196pt 


2 


4 


0.58 


0.02 


0.18 


-0.20 


198p| 


2 


3 


0.58 


0.10 


0.18 


-0..30 
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